Objective: Studies have suggested that non-phase-locked event-related oscillations (ERO) in target stimulus processing might provide biomarkers of alcoholism. This study investigates the discriminatory power of non-phase-locked oscillations in a group of long-term abstinent alcoholics (LTAAs) and nonalcoholic controls (NACs). Methods: EEGs were recorded from 48 LTAAs and 48 age and gender comparable NACs during rest with eyes open (EO) and during the performance of a three-condition visual target detection task. The data were analyzed to extract resting power, ERP amplitude and non-phase-locked ERO power measures. Data were analyzed using MANCOVA to determine the discriminatory power of induced h ERO vs. resting h power vs. P300 ERP measures in differentiating the LTAA and NAC groups. Results: Both groups showed significantly more h power in the pre-stimulus reference period of the task vs. the resting EO condition. The resting h power did not discriminate the groups, while the LTAAs showed significantly less pre-stimulus h power vs. the NACs. The LTAAs showed a significantly larger h eventrelated synchronization (ERS) to the target stimulus vs. the NACs, even after accounting for pre-stimulus h power levels. ERS to non-target stimuli showed smaller induced oscillations vs. target stimuli with no group differences. Alcohol use variables, a family history of alcohol problems, and the duration of alcohol abstinence were not associated with any h power measures. Conclusions: While reference h power in the task and induced h oscillations to target stimuli both discriminate LTAAs and NACs, induced h oscillations better discriminate the groups. Induced h power measures are also more powerful and independent group discriminators than the P3b amplitude. Significance: Induced frontal h oscillations promise to provide biomarkers of alcoholism that complement the well-established P300 ERP discriminators.
Introduction
Event-related oscillations (EROs) provide a complementary index of brain function to more traditional event-related potential (ERP) measures (Pfurtscheller and Lopes da Silva, 1999) . EROs have been investigated as potential biomarkers of alcoholism or endophenotypic markers of the vulnerability to alcoholism (Jones et al., 2006; Kamarajan et al., 2004 Kamarajan et al., , 2006 Porjesz and Begleiter, 2003; Rangaswamy et al., 2007) . EROs can be distinguished depending on whether they are or are not phase-locked to the stimulus (Pfurtscheller and Lopes da Silva, 1999) . Quantified in the time/frequency domain, oscillatory activity that is phaselocked to the stimulus is referred to as evoked power, while changes of non-phase-locked activity can reflect decreases or increases in power (relative to the pre-stimulus period), referred to as event-related desynchronizations (ERD) or event-related synchronizations (ERS), respectively, the latter of which are also called induced oscillations.
Utilizing a similar methodology to Jones et al. (2006) and Rangaswamy et al. (2007) , Andrew and Fein (2010) analyzed evoked and total d/h event-related (ERO) power during a visual oddball task performed by long-term abstinent alcoholics (LTAAs) and non-alcoholic controls (NACs). d and h frequency bands were selected for this analysis as the P3 ERP components were shown to be composed primarily of evoked power in these frequency bands (Jones et al., 2006; Rangaswamy et al., 2007) . It was shown that, similarly to the P3b amplitude which is significantly reduced in the LTAA group (Fein and Chang, 2006) , the d evoked ERO power to target stimulus shows a significant reduction in the LTAA group compared to the NAC group. With appropriate statistical analyses, it was found that the evoked ERO power measures provided a
